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Abstract
We examine some designs Di and associated binary codes Ci constructed from a primitive permutation
representation of degree 2300 of the sporadic simple group Co2.
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1. Introduction
Binary codes obtained from the primitive permutation representations of the sporadic simple
groups have been examined in [2,5,7,9,11]. See [6] for collected results. The ideas and methods
in this paper are similar to those used in [9] and [11]. Here we construct self-dual symmetric
1-designs Di and binary codes Ci , where i is an element of the set {891,892,1408,1409,2299},
from the rank-3 primitive permutation representation of degree 2300 of the sporadic simple group
Co2 of Conway [3,4]. The stabilizer of a point α in this representation is a maximal subgroup
isomorphic to U6(2):2, producing orbits {α}, Δ1, Δ2 of lengths 1, 891 and 1408, respectively.
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and Δ1 ∪Δ2, respectively. We let Ω = {α} ∪ Δ1 ∪Δ2.
We prove the following theorem.
Theorem 1. Let G be the Conway group Co2 and Di and Ci where i ∈ {891,892,1408,1409,
2299} be the designs and binary codes constructed from the primitive rank-3 permutation action
of G on the cosets of U6(2):2. Then the following holds:
(i) Aut(D891) = Aut(D892) = Aut(D1408) = Aut(D1409) = Aut(C892) = Aut(C1408) = Co2.
(ii) dim(C892) = 23, dim(C1408) = 22, C892 ⊃ C1408 and Co2 acts irreducibly on C1408.
(iii) C891 = C1409 = C2299 = V2300(GF(2)).
(iv) Aut(D2299) = Aut(C891) = Aut(C1049) = Aut(C2299) = S2300.
The proof of the theorem follows from a series of lemmas in Sections 6, 7, 8, and 9, respec-
tively. In fact we will show that the codes C892 and C1408 are of types [2300,23,892]2 and
[2300,22,1024]2, respectively. Furthermore
C892 = 〈C1408, j〉 = C1408 ∪ {w + j : w ∈ C1408} = C1408 ⊕ 〈j〉,
where j denotes the all-one vector. Let Wl denote the set of all codewords of C892 of weight l
and let Al be the size of Wl , that is |Wl | = Al . Then clearly Wl + {j} = W2300−l ⊂ C892 and
|Wl | = Al = |W2300−l | = A2300−l . We find the weight distribution of C892 (see Table 3) and then
the weight distribution of C1408 follows (see Table 4). In Section 9, we determine the structures of
the stabilizers (Co2)wl , for all nonzero weight l, where wl ∈ C1408 is a codeword of weight l (see
Table 5). The structures of the stabilizers (Co2)wl for C892 follows clearly from those of C1408
(see Table 7).
Since the McLauglin group McL is a maximal subgroup of Co2, it acts on the 2300 points
referred to above. However under this action McL splits the 2300 points into two orbits of
275 and 2025 points respectively and these in turn give rise to two codes [275,22,100]2 and
[2025,22,848]2, both isomorphic as modules to the irreducible 22-dimensional GF(2)-module,
as discussed in [9] and [11]. Here we show that the code C1408 is the 22-dimensional irreducible
representation of Co2 over GF(2) contained in the 23-dimensional decomposable C892. It is also
contained in the 23-dimensional indecomposable representation of Co2 over GF(2) discussed
in [3] and [16].
2. Terminology and notation
Our notation will be standard, and it is as in [1] and ATLAS [3]. For the structure of groups
and their maximal subgroups we follow the ATLAS notation.
An incidence structure D = (P,B,I ), with point set P , block set B and incidence I is a
t-(v, k, λ) design, if |P| = v, every block B ∈ B is incident with precisely k points, and every t
distinct points are together incident with precisely λ blocks. The complement of D is the struc-
ture D˜ = (P,B, I˜ ), where I˜ = P × B − I . The dual structure of D is Dt = (B,P,I t ), where
(B,P ) ∈ I t if and only if (P,B) ∈ I . Thus the transpose of an incidence matrix for D is an
incidence matrix for Dt . We will say that the design is symmetric if it has the same number
of points and blocks, and self dual if it is isomorphic to its dual. A t-(v, k, λ) design is called
self-orthogonal if the block intersection numbers have the same parity as the block size.
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vectors of the blocks over F . We take F to be a prime field Fp , in which case we write also Cp
for CF , and refer to the dimension of Cp as the p-rank of D. If the point set of D is denoted
by P and the block set by B, and if Q is any subset of P , then we will denote the incidence
vector of Q by vQ. Thus CF = 〈vB | B ∈ B〉, and is a subspace of FP , the full vector space of
functions from P to F . For any code C, the dual code C⊥ is the orthogonal subspace under the
standard inner product. The hull of a design’s code over some field is the intersection C ∩C⊥. If
a linear code over a field of order q is of length n, dimension k, and minimum weight d , then we
write [n, k, d]q to represent this information. If c is a codeword then the support of c is the set
of non-zero coordinate positions of c. A constant word in the code is a codeword all of whose
coordinate entries are either 0 or 1. The all-one vector will be denoted by j , and is the constant
vector of weight the length of the code. Two linear codes of the same length and over the same
field are equivalent if each can be obtained from the other by permuting the coordinate positions
and multiplying each coordinate position by a non-zero field element. They are isomorphic if
they can be obtained from one another by permuting the coordinate positions. An automorphism
of a code is any permutation of the coordinate positions that maps codewords to codewords. An
automorphism thus preserves each weight class of C. A binary code with all weights divisible by
4 is said to be a doubly-even binary code.
3. Preliminary results
The designs and codes in this paper come from the following standard construction, described
in [7, Proposition 1] and in [8].
Result 1. (See [7, Proposition 1].) Let G be a finite primitive permutation group acting on the
set Ω of size n. Let α ∈ Ω , and let Δ = {α} be an orbit of the stabilizer Gα of α. If
B = {Δg: g ∈ G},
then B forms a 1-(n, |Δ|, |Δ|) design with n blocks, with G acting as an automorphism group
on this structure, primitive on the points and blocks of the design.
Remark 2. Note that if we form any union of orbits of the stabilizer of a point, including the orbit
consisting of the single point, and orbit this under the full group, we will still get a symmetric
1-design with the group operating. Thus the orbits of the stabilizer can be regarded as building
blocks. Because of the maximality of the point stabilizer, there is only one orbit of length 1,
see [7].
The following result which can be found in [13], deals with the automorphism groups of the
designs and codes constructed from a finite primitive permutation group in a manner described
in Result 1.
Result 2. (See [13].) (i) Let D be a self-dual 1-design obtained by taking all the images under G
of a non-trivial orbit Δ of the point stabilizer in any of G’s primitive representations, and on
which G acts primitively on points and blocks, then the automorphism group of D contains G.
(ii) If C is a linear code of length n of a symmetric 1-(v, k, k) design D over a finite field Fq ,
then the automorphism group of D is contained in the automorphism group of C.
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Action of Co2 on M and N
M-stabilizer M-orbit length N -stabilizer N -orbit length
Co2 1 Co2 1
U6(2):2 2300 U6(2):2 2300
McL 47 104
210:M22:2 46 575 210:M22:2 46 575
HS:2 476 928 HS:2 476 928
U4(3).D8 1 619 200 U4(3).D8 1 619 200
M23 4 147 200
21+8+ :S8 2 049 300 21+8+ :S8 2 049 300
4. The Conway group Co2
The Leech lattice is a certain 24-dimensional Z-submodule of the Euclidean space R24 whose
automorphism group is the double cover 2.Co1 of the Conway group Co1. The Conway groups
Co2 and Co3 are stabilizers of sublattices of the Leech lattice. We give a brief discussion of
the Conway group Co2. The subgroup structure of this group is discussed in Wilson [15,16]
using the following information. The group Co2 admits a 23-dimensional indecomposable repre-
sentation over GF(2) obtained from the 24-dimensional Leech lattice by reducing modulo 2 and
factoring out a fixed vector. The action of Co2 on the vectors of this 23-dimensional indecompos-
able GF(2)-module (say M) produces eight orbits, with stabilizers isomorphic to Co2, U6(2):2,
210:M22:2, McL, HS:2, U4(3).D8, 21+8+ :S8 and M23, respectively. The 23-dimensional indecom-
posable GF(2)-module M contains an irreducible GF(2)-submodule N of dimension 22. We
use Table III(a) given by Wilson in [16] to produce Table 1, which gives the orbit lengths and
stabilizers for the actions of Co2 on M and N , respectively. For the benefit of the reader we point
out here that there is a typing error in part (a) of Wilson’s Table III: U6(2) should be corrected to
U6(2):2.
On the other hand, reduction modulo 2 of the 23-dimensional ordinary irreducible representa-
tion results in a decomposable 23-dimensional GF(2)-representation. In Section 6.1 we construct
this decomposable 23-dimensional GF(2)-representation as the binary code C892 of dimension
23 invariant under the action of Co2. The action of Co2 on C892 produces 12 orbits with stabi-
lizers isomorphic to Co2 (2 copies), U6(2):2 (2 copies), 210:M22:2 (2 copies), HS:2 (2 copies),
U4(3).D8 (2 copies), 21+8+ :S8 (2 copies), respectively (see Table 7). Furthermore, C892 contains
a binary code C1408 of dimension 22 invariant and irreducible under the action of Co2 (see Sec-
tion 8.1).
Theorem 3. (See Wilson [15].) The Conway simple group Co2 of order 218 × 36 × 53 × 7 ×
11 × 23 has exactly eleven conjugacy classes of maximal subgroups, as follows.
(A) Five classes of non-local subgroups:
U6(2):2, McL, HS:2, U4(3).D8, and M23.
(B) Six classes of local subgroups:
210:M22:2, 21+8+ :S6(2),
(
21+6+ × 24
)
.A8, 24+10.(S5 × S3),
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Maximal subgroups of Co2
No. Maximal subgroups Degree
1 U6(2):2 2300
2 210:M22:2 46 575
3 McL 47 104
4 21+8+ :S6(2) 56 925
5 HS:2 476 928
6 (21+6+ × 24).A8 1 024 650
7 U4(3).D8 1 619 200
8 24+10(S5 × S3) 3 586 275
9 M23 4 147 200
10 31+4+ :21+4− .S5 45 337 600
11 51+2+ 4S4 3 525 451 776
31+4+ :21+4− .S5, and 51+2+ :4S4.
The primitive representations referred to in Theorem 3 are listed in Table 2. In Table 2 the
first column gives the ordering of the primitive representations as given by Magma (or the
ATLAS [3]) and as used in our computations (see Appendix A.2); the second gives the max-
imal subgroups; the third gives the degree (the number of cosets of the point stabilizer).
5. Construction of the designs and codes
Our construction uses the method outlined in Result 1 and Remark 2. The details of the com-
putations can be found in Appendix A.2. In Sections 6–8 we deal with the designs and respective
binary codes.
We should also mention that computation with Magma shows the codes over some other
primes, in particular, p = 3 are of some interest. In a separate paper we plan to deal with the
ternary codes invariant under Co2 [10].
6. The 1-(2300,892,892) design
We start by taking the union of the orbit consisting of a single point and the orbit of length 891,
namely {α} ∪ Δ1, and orbiting this union under Co2 we get the blocks of a self-dual symmetric
1-(2300,892,892) design which we denote by D892.
Lemma 4. For Co2 of degree 2300, the automorphism group of the design D892 is a non-abelian
finite simple group of order 42 305 421 312 000. Moreover this group is isomorphic to the simple
sporadic group Co2.
Proof. Let Aut(D892) be the automorphism group of the design D892 obtained from an orbit
of length 892 for Co2 of degree 2300. Computations with Magma (see Appendix A.2) show
that Aut(D892) is a non-abelian group of order 42 305 421 312 000. Since by Result 2(i) we have
Aut(D892) ⊇ Co2 the result follows. 
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The weight distribution of C892
l Al = |Wl |
0, 2300 1
892, 1408 2300
1024, 1276 46 575
1100, 1200 476 928
1136, 1164 1 619 200
1148, 1152 2 049 300
6.1. The [2300,23,892]2 code
For p = 2, the design D892 yields a binary code denoted C892 whose automorphism group Γ
has order 42 305 421 312 000. In the following lemma we determine some of the properties
of C892 and show that Γ ∼= Co2.
Lemma 5. The automorphism group of the code C892 is isomorphic to Co2. The code C892 is
self-orthogonal doubly-even, with minimum distance 892. It is a [2300,23,892]2 code and its
dual is a [2300,2277,4]2 code. Moreover j ∈ C892⊥ and j ∈ C892.
Proof. Let Aut(C892) = Γ . Then by Result 2(ii) we have that Aut(D892) ⊆ Γ . Our computations
with Magma show that |Γ | = 42 305 421 312 000 = |Aut(C892)| and hence Γ = Aut(D892). Now
since Aut(D892) = Co2 by Lemma 4, we have Γ = Co2.
Since the block size 892 ≡ 0 (mod 4) and all block intersection numbers are even, the de-
sign D892 is self-orthogonal, so the rows of the block-point incidence matrix of D892 span a
self-orthogonal binary code C892 of length 2300. Since the incidence vectors of the blocks of the
design span the code, and the vectors have weight 892, C892 is doubly-even. In fact Magma gives
the weight distribution C892, which is listed in Table 3.
In Table 3, l represents the weight of a codeword and Al denotes the number of codewords
in C892 of weight l. Note that w2300 = j ∈ C892 and that 〈j 〉 is an 1-dimensional Co2-invariant
subspace of C892. Also A2300−l = |{wl + j : wl ∈ C892}| = |{wl : wl ∈ C892}| = Al .
From the weight distribution of C892 we deduce that the minimum weight of C892 is 892.
Computations with Magma show that dim(C892) = 23 and hence it is a [2300,23,892]2 code.
Since the blocks of D892 are of even size, we have that j meets evenly every vector of C892,
so j ∈ C892⊥. That C892⊥ has minimum weight 4 was found using Magma, and its full weight
distribution can be obtained. 
7. DesignsD891,D1409 andD2299
In this section we examine the designs Di and those of the binary codes Ci span by the rows
of the incidence matrix of the design Di for each i, respectively, where i ∈ {891,1409,2299}.
Lemma 6. For i ∈ {891,1409,2299} we have:
(i) Aut(D891) = Aut(D1409) = Co2.
(ii) C891 = C1409 = C2299 = V2300(GF(2)).
(iii) Aut(D2299) = Aut(C891) = Aut(C1409) = Aut(C2299) = S2300.
J. Moori, B.G. Rodrigues / Journal of Algebra 316 (2007) 649–661 655Proof. (i) and (ii) are results of computations with Magma. Note that since D1409 = D˜891, we
deduce that Aut(D1409) = Aut(D891) = Co2.
(iii) Since Aut(V2300(GF(2))) = S2300, we have
Aut(C891) = Aut(C1409) = Aut(C2299) = S2300.
For ω ∈ Ω we define Δω = Ω − {ω}. Then Δα = Δ1 ∪ Δ2. For β ∈ Ω with β = α we let tβ to
be the transposition (α β). Then since β ∈ Δ1 ∪Δ2, we have
Δ
tβ
α = Δtβ1 ∪Δ
tβ
2 = Δβ
and
Δ
tβ
β =
[
Δ1 ∪Δ2 − {β}
]tβ ∪ {α}tβ = [Δ1 ∪Δ2 − {β}
]tβ ∪ {β} = Δα.
Also for any ω ∈ Ω − {α,β} we have Δtβω = Δω. Hence we deduce that tβ ∈ Aut(D2299) for all
β ∈ Ω − {α}. Now since
S2300 =
〈
(α β): β ∈ Ω − {α}〉 = 〈tβ : β ∈ Ω − {α}
〉
,
it follows that Aut(D2299) = S2300. 
8. The 1-(2300,1408,1408) design
In this section orbiting the orbit of length 1408 under Co2 we obtain the blocks of a self-dual
1-(2300,1408,1408) design D1408. Lemma 7 below deals with this design and in Lemma 8 we
examine the properties of its binary code C1408.
Lemma 7. For Co2 of degree 2300, the automorphism group of the design D1408 is isomorphic
to the Conway group Co2.
Proof. Since D1408 = D˜892, we have Aut(D1408) = Aut(D˜892) = Aut(D892). Now the proof fol-
lows from Lemma 4. 
8.1. The [2300,22,1024]2 code
In the following lemma we determine some of the properties of C1408, and show that this code
is in fact the 22-dimensional GF(2)-module on which Co2 acts irreducibly.
Lemma 8. The code C1408 is self-orthogonal doubly-even, with minimum distance 1024. It is
a [2300,22,1024]2 code, while its dual is a [2300,2278,4]2 code with 3 586 275 words of
weight 4, j ∈ C1408⊥ and C1408 ⊂ C892. Furthermore Co2 acts irreducibly on C1408 as a GF(2)-
module, C892 is a decomposable module, and Aut(C1408) = Co2.
Proof. For the first part one could use methods similar to those in the proof of Lemma 5. Since
the block size is 1408 ≡ 0 (mod 4) and all block intersection numbers are even the designD1408 is
self-orthogonal and the rows of the block-point incidence matrix of D1408 span a self-orthogonal
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The weight distribution of C1408
l Al
0 1
1024 46 575
1136 1 619 200
1152 2 049 300
1200 476 928
1408 2300
binary code C1408 of length 2300 with all weights divisible by 4, i.e. C1408 is a doubly-even code.
Since the blocks of D1408 are of even size, we have that j meets evenly every vector of C1408, so
j ∈ C1408⊥. The weight distribution of C1408 can be found listed in Table 4. We notice that D892
is the complement of D1408, so the inclusion follows as C892 is C1408 adjoined by the j vector.
So C892 = 〈C1408, j 〉 = C1408 ⊕ 〈j〉.
For the latter part, notice that the 2-modular character table of Co2 is completely known (see
[12,14]) and follows from it that the irreducible 22-dimensional GF(2)-representation is unique
and 22 is the smallest dimension for any non-trivial irreducible GF(2)-module. Since Aut(C1408)
contains Co2 (see Result 2 and Lemma 7), by using Table 4 we can easily see that C1408, under
the action of Co2, does not contain an invariant subspace of dimension 1. So, if C1408 is reducible,
it must contain an invariant irreducible subspace E of dimension d with 2  d  21, which is
not possible. Hence C1408 is irreducible and must be isomorphic to the 22-dimensional GF(2)-
module on which Co2 acts irreducibly, that is C1408 ∼= N as modules.
Now since C892 = 〈C1408, j〉 = C1408 ⊕〈j〉 and C1408 and 〈j〉 are Co2-invariant subspaces of
C892, we deduce that C892 is a decomposable 23-dimensional GF(2)-module of Co2 containing
the 22-dimensional GF(2)-module C1408, and hence it is not isomorphic to M .
Finally we can easily show that Aut(C1408) = Co2. Clearly Co2 sits in Aut(C1408). If
α ∈ Aut(C1408), then since α(j) = j and C892 = 〈C1408, j〉, we have α ∈ Aut(C892). So
that Aut(C1408) ⊆ Aut(C892). Now since Aut(C892) = Co2 by Lemma 5, we deduce that
Aut(C1408) = Co2. 
Remark 9. Table 4 gives the same information for C1408 as Table 3 gives for C892.
9. Stabilizer in Co2 of a codeword wl of weight l
Suppose that wl is a codeword of non-zero weight l in C892 or C1408. In this section we first
determine the structures of (Co2)wl where wl ∈ C1408, that is the stabilizers of wl in Co2 where
l ∈ {1024,1136,1152,1200,1408} (see Table 4). We then determine the structures of (Co2)wl
where wl ∈ C892, that is for l ∈ {892,1024,1100,1136,1148,1152,1164,1200,1276,1408}
(see Table 3). The structures of these stabilisers are listed in Tables 5 and 7, respectively. In
addition for each wl we take the support of wl and orbit it under the action of G = Co2 to
form the blocks of the 1 − (2300, l, kl) designs Dwl , where kl = |(wl)G| × l2300 . It is clear that
D˜wl =Dw2300−l and hence D˜wl has the form 1 − (2300,2300 − l, k2300−l ). Information on these
designs is listed in Tables 6 and 8.
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Stabilizer of a word wl
l (Co2)wl Maximality
1024 210:M22:2 Yes
1136 U4(3).D8 Yes
1152 21+8+ :S8 No
1200 HS:2 Yes
1408 U6(2):2 Yes
Table 6
1-Designs Dwl from Co2
l Dwl No. of blocks Primitivity
1024 1-(2300,1024,20 736) 46 575 Yes
1136 1-(2300,1136,799 744) 1 619 200 Yes
1152 1-(2300,1152,1 026 432) 2 049 300 No
1200 1-(2300,1200,248 832) 476 928 Yes
1408 1-(2300,1408,1408) 2300 Yes
Table 7
Stabilizer of a word wl
l (Co2)wl Maximality
892, 1408 U6(2):2 Yes
1024, 1276 210:M22:2 Yes
1100, 1200 HS:2 Yes
1136, 1164 U4(3).D8 Yes
1148, 1152 21+8+ :S8 No
Table 8
1-Designs Dwl from Co2
l Dwl No. of blocks Primitivity
892 1-(2300,892,892) 2300 Yes
1024 1-(2300,1024,20 736) 46 575 Yes
1100 1-(2300,1100,228 096) 476 928 Yes
1136 1-(2300,1136,799 744) 1 619 200 Yes
1148 1-(2300,1148,1 022 868) 2 049 300 No
1152 1-(2300,1152,1 026 432) 2 049 300 No
1164 1-(2300,1164,819 456) 1 619 200 Yes
1200 1-(2300,1200,248 832) 476 928 Yes
1276 1-(2300,1276,25 839) 46 575 Yes
1408 1-(2300,1408,1408) 2300 Yes
9.1. Stabilizer in Co2 of a word wl in C1408
Lemma 10, which follows, deals with the action of Co2 on the codewords of C1408. We deter-
mine the structure of (Co2)wl where l is in L with L as defined below.
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wt(wl) = l}. We show in Lemma 10 that (Co2)wl is a maximal subgroup of Co2, for all l ex-
cept l = 1152. Taking the support of wl ∈ Wl and orbiting that under Co2 we form the blocks of
a 1-design Dwl . We show that Co2 acts primitively on Dwl , for all l except l = 1152.
Lemma 10. Let l ∈ L and wl ∈ Wl . Then (Co2)wl is a maximal subgroup of Co2, except for
l = 1152. Furthermore Co2 is primitive on Dwl for l ∈ L− {1152}.
Proof. First note that by Lemma 8 we have C1408 ∼= N as GF(2) modules where N is the unique
22-dimensional irreducible GF(2) module, and Aut(C1408) = Co2. Since Wl is invariant under
the action of Aut(C1408) for all l ∈ L, Table 1 (second part) and Table 4 imply that wlCo2 = Wl ,
for all l ∈ L. Therefore each Wl forms an orbit under the action of Co2 and thus Co2 is transitive
on each Wl .
We must add here that Magma computations confirm the above results (see Appendix A.2).
Note that to use Magma for computing the action of Co2 on W1152, which contains 2 049 300
words each of which has length 2300, we had to use the latest version of Magma on a more
powerful machine.3
Using Tables 1 and 4 and the orbit stabilizer theorem we deduce that [Co2:(Co2)wl ] ∈
{2300,46 575,476 928,1 619 200,2 049 300}, and so we have (Co2)wl ∈ {U6(2):2, 210:M22:2,
HS:2, U4(3):D8, 21+8+ :S8}. Now using Table 2 we deduce that these stabilizers, with the ex-
ception of (Co2)w1152 = 21+8+ :S8, are maximal subgroups of Co2. By the transitivity of Co2 on
the code coordinates, the codewords of Wl form a 1-design Dwl with Al blocks (the number of
blocks are the indices of (Co2)wl in Co2). This implies that Co2 is transitive on the blocks of Dwl
for each wl and since (Co2)w1 for l ∈ L− {1152} is a maximal subgroup of Co2, we deduce that
Co2 acts primitively on Dwl for l ∈ L − {1152}. See Tables 5 and 6. 
9.2. Stabilizer in Co2 of a codeword wl in C892
Lemma 11, which follows, deals with the action of Co2 on the codewords of C892.
Consider L = {892,1024,1100,1136,1148,1152,1164,1200,1276,1408}. For l ∈ L we de-
fine Wl = {wl ∈ C892 | wt(wl) = l}, with wt(wl) denoting the weight of a codeword wl . We
show in Lemma 11 that (Co2)wl is a maximal subgroup of Co2, for all l ∈ L − {1148,1152, }.
Also for a codeword wl ∈ C892 of non-zero weight l ∈ L we take its support and orbit it un-
der Co2 to form the blocks of a 1-design Dwl and show that Co2 acts primitively on Dwl , for all
l ∈ L − {1148,1152, }.
Lemma 11. Let l ∈ L−{1148,1152, } and wl ∈ Wl . Then (Co2)wl is a maximal subgroup of Co2.
Furthermore Co2 is primitive on Dwl for each l ∈ L− {1148,1152, }.
Proof. Since C892 = C1408 ∪ {w + j : w ∈ C1408}, Lemma 11 is essentially a corollary of
Lemma 10. This is so, because for C892 we have
Wl + {j} = W2300−l , |Wl | = Al = |W2300−l | = A2300−l
3 We thank John Cannon for computing the action of Co2 on W1152 using a latest version of Magma at the University
of Sydney.
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Note that for the designs listed in Table 8 we have
D˜892 =D1408, D˜1024 =D1276, D˜1100 =D1200,
D˜1136 =D1164, D˜1148 =D1152. 
10. Observations
(i) In Table 5 the first column represents the codewords of non-zero weight l in C1408 and the
second column represents the stabilizer in Co2 of a codeword wl of Wl . In the final column we
test the maximality of (Co2)wl in Co2. Observe that (Co2)wl where w1 ∈ W1152 is isomorphic
to 21+8+ :S8 and hence it is not maximal. Also notice that the maximal subgroups of Co2 iso-
morphic to McL, 21+8+ :S6(2), (21+6+ × 24).A8, 24+10.(S5 ×S3), M23, 31+4+ :21+4− .S5 and 51+2+ 4S4,
respectively, do not feature in Table 5.
(ii) In Table 6 the first column represents the codewords of weight l and the second column
gives the structure of the designs Dwl which were defined in Section 9.1. In the third column we
list the number of blocks of Dwl . We test the primitivity for the action of Co2 on Dwl in the final
column.
(iii) In Table 7 gives the same information for C892 that Table 5 gives for C1408.
(iv) In Table 8 gives the same information for C892 that Table 6 gives for C1408.
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Appendix A
Magma version 2.12 of July 2005 was used.
A.1. Computations
//The program, where co2 is a permgroup
//on 2300 pts given by two permutations
g:=co2;
m1:=Stabilizer(co2,1);
a1,a2,a3:=CosetAction(co2,m1);
st:=Stabilizer(a2,1);
orbs:=Orbits(st);#orbs;
v:=Index(a2,st);
v; ‘‘degree=’’,v;
pr:=[2,3,5];
lo:=[#orbs[i]: i in [1..#orbs]];
‘‘seq. of orbit lengths=’’,lo;
for j:=2 to #lo do
‘‘orbs no’’,j,‘‘of length’’,#orbs[j];
blox:=Setseq(orbs[j]^a2);
des:=Design<1,v|blox>;des;
autdes:=AutomorphismGroup(des);
‘‘autgp of order’’,Order(autdes);
for i:=1 to #pr do
p:=pr[i];
dc:=LinearCode(des,GF(p));
dl:=Dual(dc);
d1:=Dimension(dc);
d2:=Dimension(dl);
d3:=Dimension(dc meet dl);
‘‘p=’’,p,‘‘dim=’’,d1,‘‘dimdual=’’,
d2,‘‘hull=’’,d3;
cau:=PermutationGroup(dc); ‘‘perm gp of
order’’,Order(cau); end for;
end for;
------------
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//omiting the trivial designs and
//the natural representations
3
2300
[1, 891, 1408]
orbs no 2 of length 891
1-(2300, 891, 891) Design with 2300 blocks
Perm group au acting on a set of card 2300
Order = 42305421312000
p= 2 dim= 2300 dimdual= 0 hull= 0
p= 3 dim= 275 dimdual= 2025 hull= 275
p= 5 dim= 2300 dimdual= 0 hull= 0
orbs no 3 of length 1408
1-(2300, 1408, 1408) Design with 2300 blocks
Perm group au acting on a set of card 2300
Order = 42305421312000
p= 2 dim= 22 dimdual= 2278 hull= 22
p= 3 dim= 2300 dimdual= 0 hull= 0
p= 5 dim= 2300 dimdual= 0 hull= 0
> orbs:=Orbits(st);#orbs;
> v:=Index(a2,st); v;
> blox:=Setseq(orbs[3]^a2);
> des:=Design<1,v|blox>; des;
> au:=AutomorphismGroup(des);au;
3
2300
1-(2300, 1408, 1408) Design with 2300 blocks
Perm group au acting on a set of card 2300
Order =2^18 * 3^6 * 5^3 * 7 * 11 * 23
p= 2
dc:=LinearCode(des,p);
dl:=Dual(dc);
d1:=Dimension(dc);
d2:=Dimension(dl);
d3:=Dimension(dc meet dl);
‘‘p=’’,p,‘‘dim=’’,d1,‘‘dimdual=’’,d2,
‘‘hull=’’,d3;
dim= 22 dimdual= 2278 hull= 22
> mdc:=MinimumDistance(dc);mdc;
1024
> wds:=#Words(dc,mdc);
> wds;
46575
> WeightDistribution(dc);
[<0, 1>, <1024, 46575>, <1136, 1619200>,
<1152, 2049300>, <1200, 476928>, <1408, 2300>]
> mdl:=MinimumDistance(dl);mdl;
4
> wdl:=WeightDistribution(dl);wdl;
[<0, 1>, <4, 3586275>, <5, 45337600>,
<6, 63131191200>, <7, 15134785459200>,...]
> edd:=Words(dc,1152);
#edd;
2049300
> s:=Setseq(edd);
> ss:=Seqset(s);#ss;
2049300
> gg:=GSet(au,ss);
> ob:=Orbits(au,gg);#ob;
1
b1:=Setseq(ob[1]);#b1;
2049300
b2:=Support(b1[1]);#b2;
1152
stb:=Stabilizer(au,b2);#stb;
20643840
IsMaximal(au,stb);
false
‘‘constructing designs from the
union of orbits of the rank-3
action on 2300 points ’’
‘‘orbit 1 joined with orbit 2’’
> b:=Setseq(orbs[1]);
> bb:=Seqset(b);
> c:=Setseq(orbs[2]);
> cc:=Seqset(c);
> dd:=bb join cc;
> bll:=Setseq(dd^a2);
> dss:=Design<1,v|bll>;
> dss;
1-(2300, 892, 892) Design with 2300 blocks
> IsSelfDual(dss);
true
> at:=AutomorphismGroup(dds);at eq a2;
true
> IsSimple(at);
true
> #at;
42305421312000
>dc:=LinearCode(dss,GF(2));
> Dimension(dc)
23
> Dimension(Hull(dc));
23
> pdd:=PermutationGroup(Hull(dc));
>#pdd;
42305421312000
> IsSimple(pdd);
true
>pdd eq a2;
true
‘‘For the orbit 1 joined with orbit 3’’
> dds:=Design<1,v|blo>;dds;
1-(2300, 1409, 1409)
Design with 2300 blocks
> IsSelfDual(dds);
true
> att:=AutomorphismGroup(dds); att eq a2;
true
> ldc:=LinearCode(dds,GF(2));dim(ldc);
2300
> pdc:=PermutationGroup(ldc);#pdc;
> pdc eq Sym(2300);
true
‘‘For the orbit 2 joined with orbit 3’’
> dk:=Design<1,v|ff>;dk;
1-(2300, 2299, 2299) Design with 2300 blocks
> IsSelfDual(dk);
true
> ls:=LinearCode(dk,GF(2));dim(ls);
2300
> pda:=PermutationGroup(ls);
> pda eq Sym(2300);
true
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